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Pretreatmenta b s t r a c t
In-situ ionic liquid-dispersive liquid–liquid microextraction (IL-DLLME) method was developed as a pre-
treatment method for the detection of six chlorophenols (CPs) in honey samples. The hydrophobic ionic
liquid [C4MIM][NTf2], formed in-situ by the hydrophilic ionic liquid [C4MIM][BF4] and the ion exchange
reagent LiNTf2 was used as the microextractant solvent of CPs from honey sample. Then the enriched ana-
lytes were back-extracted into 40 lL of 0.14 M NaOH solution and ﬁnally subjected to analysis by high-
performance liquid chromatography. The method showed low limit of detection of CPs, 0.8–3.2 lg/L and
high enrichment factor, 34–65 with the recoveries range from 91.60% to 114.33%. The method is simple,
rapid, environmentally friendly and with high extraction efﬁciency.
 2014 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Chlorophenols (CPs) are a group of organochlorides of phenol
that contains one or more covalently bonded chlorine atoms,
which can be divided into ﬁve groups named mono-chlorophenols
(2-CP, 3-CP, 4-CP), dichlorophenols (DCPs), trichlorophenols
(TCPs), tetrachlophenols (TeCPs) and pentachlorophenols (PCPs).
Chlorophenols are chemicals with high toxicity including estro-
genic, mutagenic and carcinogenic effects. Additionally, they have
very high acute toxicity, interfering with oxidative phosphoryla-
tion and inhibiting ATP synthesis (Ryczkowski, 1993). There is also
evidence that CPs are precursors of extremely toxic dioxins and
furans either upon incineration (Ryczkowski, 1993) or after metab-
olism in humans (Veningerová, Prachar, Uhnák, & Kovacˇicˇová,
1994). The antimicrobiological properties of chlorophenols have
led to their use as disinfectants in agriculture e.g. herbicides, insec-
ticides and fungicides, and also as wood preservatives (Campillo,
Penalver, & Hernández-Córdoba, 2006). CPs are biodegradable
intermediates of 2,4-dichlorophenoxyacetic acid (2,4-D) and
2,4,5-trichlorophenoxyacetic acid (2,4,5-T) widely used in agricul-
ture and other pesticides (Morales, Canosa, Rodríguez, Rubí, & Cela,2005; Quintana, Rodil, Muniategui-Lorenzo, López-Mahía, & Prada-
Rodríguez, 2007), and besides, drinking water chlorination disin-
fection process will also produce CPs (Michałowicz & Duda,
2007). The negative effect of CPs for human health has led to their
categorisation and inclusion by the US Environmental Protection
Agency and the Commission of the European Communities (Direc-
tive 76/464/EC) in the lists of priority pollutants (Wennrich, Popp,
& Möder, 2000). The physical properties of CPs vary greatly,
depending on the number of chlorine atoms and their position rel-
ative to OH group, which complicates their simultaneous determi-
nation (Olaniran & Igbinosa, 2011). Currently, the research has
been highly focused on the ﬁeld of the environment, especially
the contamination of CPs in water (De Morais, Stoichev, Basto, &
Vasconcelos, 2012). However, the migration and transformation
of chlorophenols to foods drew more attention during very recent
years (Campillo, Viñas, Cacho, Peñalver, & Hernández-Córdoba,
2010; Campillo et al., 2006; Diserens, 2001; Maggi, Zalacain,
Mazzoleni, Alonso, & Salinas, 2008; Martínez-Uruñuela,
González-Sáiz, & Pizarro, 2004; Martínez-Uruñuela, Rodríguez,
Cela, González-Sáiz, & Pizarro, 2005; Röhrig & Meisch, 2000;
Veningerová, Prachar, Kovacicova, & Uhnák, 1997).
Various methods for the analysis of CPs in environmental sam-
ples have been proposed, mainly based on chromatographic sepa-
ration. In most cases, a previous preconcentration/cleaning step is
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Stoichev, Basto, & Vasconcelos, 2012). However, even using pre-
concentration, some of the methods presented relatively high lim-
its of detection (LODs) and, therefore, more efﬁcient methods are
still imperative.
Dispersive liquid–liquid microextraction (DLLME) developed by
(Rezaee et al., 2006) is a successful extraction technique due to the
high contact surface of ﬁne droplets of extractant solvent and ana-
lytes, which speeds up the mass-transfer processes of analytes.
DLLME is useful because of its high preconcentration factor, high
extraction efﬁciency, and minimum requirements for sample and
organic solvents. To date, it has undergone a number of modiﬁca-
tions (Trujillo-Rodríguez, Rocío-Bautista, Pino, & Afonso, 2013).
Ionic liquids (ILs) are ionic, non-molecular solvents with low
melting points, negligible vapour pressures, and high thermal sta-
bility. Their unique solvation properties giving ILs unique selectiv-
ity and diverse separation mechanism, coupled to the fact that they
can be structurally tailored for speciﬁc applications. Their miscibil-
ity in water and organic solvents can be controlled by selecting the
cation/anion combination or by incorporating certain functional
groups in the IL molecule (Trujillo-Rodríguez et al., 2013). There
have been increased interests in exploiting the unique physico-
chemical properties of ILs in different extraction and microextrac-
tion schemes in recent years (Martín-Calero, Pino, & Afonso, 2011).
The in-situ solvent formation for microextraction based on ILs
(simpliﬁed as in-situ IL-DLLME) is utilising a hydrophilic IL as
extractant solvent of the analytes contained in the aqueous solu-
tion. An anion-exchange reagent is then added to promote a
metathesis reaction, and the hydrophilic IL is transformed into a
hydrophobic IL, which settles to contain the preconcentrated ana-
lytes (Trujillo-Rodríguez et al., 2013). This in-situ IL-DLLME proce-
dure avoids the utilisation of a dispersive organic solvent normally
required in conventional DLLME or reduces the volume of disper-
sive organic solvent. The in-situ ionic exchange reaction and the
extraction process can be completed within a very short time with
high extraction efﬁciency. This method was ﬁrstly introduced by
Baghdadi and Shemirani in the determination of Hg (II) in saline
solutions in 2009 (Baghdadi & Shemirani, 2009). Currently, in-situ
IL-DLLME has been applied in the pretreatment of environment,
biological and food samples (Bi, Tian, & Row, 2011; Delgado
et al., 2012; Galán-Cano, Lucena, Cárdenas, & Valcárcel, 2012;
Germán-Hernández, Pino, Anderson, & Afonso, 2012; Li, Joshi,
Ronning, & Anderson, 2013; Li et al., 2011; López-Darias, Pino,
Ayala, & Afonso, 2011; Mahpishanian & Shemirani, 2010;
Shemirani & Majidi, 2010; Vaezzadeh, Shemirani, & Majidi, 2012;
Yao & Anderson, 2009; Yao, Li, Twu, Pitner, & Anderson, 2011; Yu
et al., 2013; Zhong, Su, Zhang, Wang, & Yang, 2012).
To the best of our knowledge, no previously published study has
used the in-situ IL-DLLME process to extract chlorophenols from
food samples. In this paper, the in-situ IL-DLLME method was
developed for the preconcentration of six chlorophenols from
honey samples followed by HPLC determination. The effects of var-
ious experimental parameters were studied and the optimised
method was successfully applied to the real honey sample analysis.2. Experimental
2.1. Apparatus
The HPLC equipment used was Agilent 1260 HPLC system
(Agilent Technologies, Waldbronn, Germany), including G1311B
Quaternary Pump, G4212B UV–vis photodiode array detector,
G1329B Auto sampler with a 20 lL loop, G1322 degasser and
Agilent HPLC workstation.2.2. Chemicals and reagents
2-chlorophenol (2-CP), 4-chlorophenol (4-CP), 2,6-dichlorophe-
nol (2,6-DCP), 2,4-dichlorophenol (2,4-DCP), 2,4,6-trichlorophenol
(2,4,6-TCP), 2,4,5-trichlorophenol (2,4,5-TCP), were purchased
from Sigma–Aldrich (St. Louis, MO, USA). The ionic liquids includ-
ing [C4MIM][BF4], [C4MIM][Cl], [C4MIM][Br], [C4MIM][PF6], and
LiNTf2 were obtained from Chengjie Chemical Co. Ltd. (Shanghai,
China). Chromatographic grade acetonitrile was from Fisher Scien-
tiﬁc Company (UK). All other reagents were of analytical-reagent
grade and from Beijing Chemical Factory (Beijing, China). Pure
water was obtained with a Milli-Q water puriﬁcation system (Mil-
lipore Co., USA) in our laboratory. The honey samples were pur-
chased from local markets and stored in 4 C refrigerator.
2.3. Sample preparation
The spiked water sample was prepared by dissolving 0.1 mL of
CPs standards (each analyte at 200 lg/mL) in 200 mL ultrapure
water (from Millipore ultrapure water system) to make a concen-
tration of 100 lg/L of each compound for working solution.
Each honey sample (50 g) was diluted with 100 mL deionised
water, and then ﬁltered through a 0.22 lm membrane to remove
the suspended particulates.
2.4. In-situ IL-DLLME pretreatment procedures
(1) Firstly, 5.00 mL chlorophenols working solution or diluted
honey sample adjusted to pH 3 in advance was transferred
into a 10 mL centrifuge tube and heated to 50 C in a ther-
mostat waterbath, 100 lL of [C4MIM][BF4] was then added
in, and the tube is manually stirred to ensure complete
homogenisation of the IL in the aqueous sample. Then, an
aliquot of 300 lL of LiNTf2 aqueous solution (0.51 g/mL) is
quickly added, followed by the formation of a creamy white
turbid solution of water /[C4MIM][NTf2].
(2) Afterwards, the mixture was centrifuged for 4 min at
4000 rpm and a drop of liquid about 150 lL is formed at
the bottom of the tube. The drop is completely withdrawn
with a 200 lL syringe and back-extracted with 40 lL NaOH
aqueous solution (0.14 M) twice in a 1.5 mL centrifuge tube
under vortex oscillating for 5 min, and then the supernatant
was collected after 4 min centrifugation at 4000 rpm and
subjected to the HPLC analysis without any additional
clean-up.
2.5. Analysis of chlorophenols by HPLC
The analysis of CPs standards and enriched target fractions were
accomplished with a Waters XTerra™ RP-C18 column
(150  4.6 mm, i.d, 5 lm) at 40 C. The mobile phase was acetoni-
trile–water with 0.5% phosphoric acid in gradient: Acetonitrile: 0–
8 min, 35–50%; 8–14 min, 50–60%. The ﬂow rate was 1.0 mL/min
and the injection volume was 10 lL. The CPs was monitored at
215 nm by a photodiode array detector.3. Results and discussion
3.1. Optimisation of in-situ IL-DLLME pretreatment conditions
3.1.1. The effect of different ILs
In IL-DLLME, extraction agent IL was an important factor to
affect the extraction efﬁciency. Most of the ILs are composed of cat-
ions (e.g., imidazole, pyrrolidine, pyridine) with inorganic anions
(e.g., Cl, PF6, BF4). The composition of different cations and anions
020
40
60
80
100
120
0 200 400 600 800 1000
En
ric
hm
en
t r
ec
ov
er
y 
(%
)
aq.LiNTF2(μL)
2-CP 4-CP
2,6-DCP 2,4-DCP
2,4,6-TCP 2,4,5-TCP
0
20
40
60
80
100
120
40/120 60/180 80/240 100/300 120/360 140/420
En
ric
hm
en
t r
ec
ov
er
y 
(%
)
[C4MIM][BF4](μL)/LiNTF2(μL)
2-CP 4-CP
2,6-DCP 2,4-DCP
2,4,6-TCP 2,4,5-TCP
A
B
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extraction efﬁciency of CPs. Conditions: A, [C4MIM][BF4] 80 lL, LiNTf2 aq. Solution
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448 C. Fan et al. / Food Chemistry 174 (2015) 446–451ion could form 1018 kinds of ILs, thus how to choose the ionic liquid
is of difﬁculty. This paper followed the following princi-
ples of IL selection (1) in situ IL-DLLME is organised on the basis
of two elements: hydrophilic IL (anions e.g., Cl, Br, BF4) and
anion-exchange reagent (e.g., NaPF6, LiNTf2); (2) ILs must be liquid
under the experimental conditions; (3) formed hydrophobic ILs
have a greater density and smaller viscosity than water for easy
separation of sedimentary phase from aqueous sample. (4) Anion
exchange reaction does not affect extraction of the target
substance.
Three kinds of hydrophilic ILs including [C4MIM][BF4], [C4MIM]
[Cl] and [C4MIM][Br] were tested separately to enrich CPs by reac-
tion in-situ with LiNTf2 forming hydrophobic [C4MIM][NTf2] as
extraction agent, which has greater density and smaller viscosity.
As can be seen in the Fig. 1, the CPs enrichment recoveries were
higher using hydrophilic [C4MIM][BF4] than [C4MIM][Cl] and
[C4MIM][Br], and also higher than hydrophobic [C4MIM][PF6] as
direct extraction agent. Thus, [C4MIM][BF4] was selected as the
suitable ILs.
3.1.2. The effect of the ratio of IL/LiNTf2 and IL amount
To investigate the effect of the molar ratio of hydrophilic IL to
anion-exchange reagent on the extraction efﬁciency of CPs, differ-
ent volume of LiNTf2 aqueous solution (0.51 g/mL) were tested
when [C4MIM][BF4] was ﬁxed at 80 lL. Fig. 2A shows obviously
that when molar ratio of [C4MIM][BF4] to LiNTf2 reached 1:1, cor-
responding to the point of 240 lL LiNTf2 aqueous solution, the
recoveries of CPs reached the maximum. Then keeping the
1:1 molar ratio, different volume of [C4MIM][BF4] and LiNTf2 aque-
ous solution were tested to form different volume of hydrophobic
[C4MIM][NTf2] to investigate its effect on the extraction efﬁciency
of CPs. As seen in Fig. 2B, the enrichment recoveries of CPs
increased with the increase of [C4MIM][BF4] volume from 40 lL
up to 100 lL probably due to the improvement of mass transfer
effect. However, further increase of the volume resulted in a slight
decrease of the extraction recoveries due to the dilution effect.
Thus, the following experiments were carried out by using
100 lL [C4MIM][BF4] and 300 lL LiNTf2 aqueous solution.
3.1.3. The effect of pH and temperature
The pH of the solution is an important factor affecting the
extraction efﬁciency, especially when extracts is weak acidic or
weak alkaline. The six studied CPs are weak acids with pKa values
in the range of 6.0–9.4 (De Morais et al., 2012). Under the alkaline
conditions, the electron cloud of the hydroxyl group moved to ben-
zene ring, which made bond energy of O–H weak; H+ was easily
ionised to show acidity; phenonium ion with strong hydrophilicity
was created after ionisation; it was easily dissolved in water and0
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Table 1
Validation of the method and the level of CPs in real honey samples analysed by the proposed method.
Compounds Linearity
range (lg/L)
Enrichment
factors
Limits of detection
(LODs, lg/L)
Spiked
concentrations
(lg/L)
Recovery
(%)
RSD
(%, n = 6)
Real honey sample (ng/g) (n = 6)
Honey 1 Honey 2 Honey 3 Honey 4
2-CP 10–200 34 1.2 100 94.78 2.02 ND 14.48 ± 0.41 19.42 ± 0.37 8.12 ± 0.19
50 94.49 1.78
10 91.60 5.29
4-CP 10–200 37 1.4 100 107.09 6.33 ND ND ND ND
50 103.81 5.08
10 108.8 4.74
2,6-DCP 10–200 65 0.8 100 106.01 4.93 ND ND ND ND
50 102.14 4.80
10 106.40 2.45
2,4-DCP 10–200 60 1.2 100 114.33 6.19 ND 29.64 ± 0.79 22.06 ± 0.78 16.88 ± 0.60
50 103.10 4.47
10 108.17 5.25
2,4,6,-TCP 10–200 47 3.0 100 103.73 5.13 ND ND ND ND
50 101.84 3.49
10 102.57 3.46
2,4,5-TCP 10–200 52 3.2 100 101.98 8.80 ND ND ND ND
50 103.48 3.23
10 102.30 1.41
C. Fan et al. / Food Chemistry 174 (2015) 446–451 449was not propitious to extraction. But under the acidic conditions,
ionisation of CPs was restrained, which made CPs exist in the form
of neutral molecule, and hydrophobicity was enhanced, which was
beneﬁcial to extraction and separation (Dong et al., 2014). Effects
of pH from 1 to 12 on the enrichment recoveries of CPs were inves-
tigated as shown in Fig. 3A. Relatively higher recoveries of CPs can
be achieved at pH 3. Therefore, samples solutions were then
adjusted to pH 3 before enrichment by adding H3PO4 into samples.
Temperature has less impact on the in situ IL-DLLME procedure
as seen in Fig. 3B. Relatively higher temperature can beneﬁt the
dispersion of IL and enhance the mass transfer of the analytes.
However, considering the different volatilities of CPs, 50 C was
used for experiments.3.1.4. The back-extraction of CPs
The direct analysis of CPs enriched in IL microdroplet by GC is
impossible (an interface would be needed to remove the IL). Thus
HPLC-DAD was employed in this work and 215 nm was used as
the detection wavelength in order to improve the LODs of CPs.
To remove the interferences coming from IL, a back-extraction
procedure was inserted between the IL-DLLME and HPLCdetermination. Based on the reference (Santana, Padrón, Ferrera,
& Rodríguez, 2007), six kinds of surfactants including DNS-328,
DNS-330, potassium laureth phosphate (EO 4 mol), POLE, AES-7
and SDS, and two alkaline Na2CO3 and NaOH aqueous solution
were investigated as back-extractants with each at the same
molarity of 0.1 M according to the reference (Feng, Tan, & Liu,
2011). As seen in Fig. 4, the results revealed that NaOH was the
best acceptor of CPs, which is reasonable as the six studied CPs
are weak acids with pKa values in the range of 6.0–9.4.
The back-extraction was then further optimised to use 40 lL
0.14 M aqueous NaOH extract twice with each time 5 min under
vortex oscillation, and the supernatant was collected and subjected
to HPLC analysis.3.2. Validation of the method
Some characters of the proposed method such as linear range,
correlation coefﬁcients, limits of detection (LODs) and repeatability
were all investigated by enriching 5 mL of CPs standard working
solutions and the results were shown in Table 1. Each analyte
exhibited good linearity with correlation coefﬁcient r2 > 0.99 in
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Fig. 5. Typical chromatograms of honey sample after enrichment by the proposed method (A) and CPs working solution (B). Conditions: 5 mL diluted honey sample, pH = 3,
temperature 50 C, 100 lL [C4MIM][BF4] and 300 lL LiNTf2, 40 lL 0.14 M aqueous NaOH.
450 C. Fan et al. / Food Chemistry 174 (2015) 446–451the studied range. The limits of detection, calculated on the basis of
signal-to-noise ratio of 3 (S/N = 3), were in the range of 0.8–3.2 lg/L.
The detection limits of this proposed method are comparable with
that of a relevant method reported in literature (Guo, Liu, Shi, Wei,
& Jiang, 2014), which were 0.5–2.0 lg/L.
The recoveries of six CPs were determined by spiking the
diluted honey samples with different level of standard CPs. Table 1
showed that the recoveries of spiked CPs were in the range of
91.60–114.33%.3.3. Application to real honey samples
Four different honey samples collected from local stores and
markets were analysed for CPs though the above proposed and
optimised in-situ IL-DLLME–HPLC method. Fig. 5 shows the HPLC
chromatograms of a real honey sample and working standard
solution of chlorophenols. As presented in Table 1, two CPs includ-
ing 2-CP and 2, 4-DCP were found in three samples in the level of
8–19 ng/g and 16–29 ng/g respectively. The CPs in honey samples
have been reported mainly come from the transportation by bees
when travelling to collect nectar or wooden beehives and storage
containers being treated with preservatives in the level of
0.3–9.4 ng/g (Campillo, Peñalver, & Hernández-Córdoba, 2007;
Campillo et al., 2006). The higher level of CPs in our detected sam-
ples was due to the different sources of honey samples, which
reﬂects the higher exposure level of CPs in the area where honey
samples were collected or contamination of beehives and storage
containers.4. Conclusion
An in-situ IL-DLLME–HPLC method was developed for rapid
determination of six CPs in honey samples. The complicated matrix
components could be effectively eliminated and trace CPs can be
greatly enriched in short time. The method was proved to be more
efﬁcient than traditional IL-DLLME, and the employment of in-situ
reaction led to the simultaneous formation of a hydrophobic IL and
extraction of target substance under good dispersive condition. A
simple back-extraction procedure was introduced into IL-DLLME
procedure to eliminate the interferences of ILs with instrumentalanalysis. The LOD of CPs in this work may be further improved
by using GC analysis, however, prior derivatisation is necessary.
This in-situ IL-DLLME could be widely applied in the determination
of other trace compounds in food sample of complicated matrices
in the future.
Acknowledgements
The project was sponsored by the Beijing Natural Science
Foundation and Beijing Municipal Education Committee
(KZ201410011016), China.
References
Baghdadi, M., & Shemirani, F. (2009). In situ solvent formation microextraction
based on ionic liquids: A novel sample preparation technique for determination
of inorganic species in saline solutions. Analytica Chimica Acta, 634(2), 186–191.
Bi, W., Tian, M., & Row, K. H. (2011). Ultrasonication-assisted extraction and
preconcentration of medicinal products from herb by ionic liquids. Talanta,
85(1), 701–706.
Campillo, N., Penalver, R., & Hernández-Córdoba, M. (2006). Evaluation of solid-
phase microextraction conditions for the determination of chlorophenols in
honey samples using gas chromatography. Journal of Chromatography A,
1125(1), 31–37.
Campillo, N., Peñalver, R., & Hernández-Córdoba, M. (2007). A sensitive solid-phase
microextraction/gas chromatography-based procedure for determining
pentachlorophenol in food. Food Additives and Contaminants, 24(7), 777–783.
Campillo, N., Viñas, P., Cacho, J. I., Peñalver, R., & Hernández-Córdoba, M. (2010).
Evaluation of dispersive liquid–liquid microextraction for the simultaneous
determination of chlorophenols and haloanisoles in wines and cork stoppers
using gas chromatography–mass spectrometry. Journal of Chromatography A,
1217(47), 7323–7330.
De Morais, P., Stoichev, T., Basto, M., & Vasconcelos, M. T. S. D. (2012). Extraction
and preconcentration techniques for chromatographic determination of
chlorophenols in environmental and food samples. Talanta, 89, 1–11.
Delgado, B., Pino, V., Anderson, J. L., Ayala, J. H., Afonso, A. M., & González, V. (2012).
An in-situ extraction–preconcentration method using ionic liquid-based
surfactants for the determination of organic contaminants contained in
marine sediments. Talanta, 99, 972–983.
Diserens, J. M. (2001). Rapid determination of nineteen chlorophenols in wood,
paper, cardboard, fruits, and fruit juices by gas chromatography/mass
spectrometry. Journal of AOAC International, 84(3), 853–860.
Dong, S., Huang, G., Hu, Q., Shi, L., Yao, Y., & Huang, T. (2014). Evaluation of IL-ATPS
and IL-MAE for simultaneous determination of herbicides and plant growth
regulators in sediment. Chromatographia, 1–9.
Feng, Y. D., Tan, Z. Q., & Liu, J. F. (2011). Development of a static and exhaustive
extraction procedure for ﬁeld passive preconcentration of chlorophenols in
environmental waters with hollow ﬁber-supported liquid membrane. Journal of
Separation Science, 34(8), 965–970.
C. Fan et al. / Food Chemistry 174 (2015) 446–451 451Galán-Cano, F., Lucena, R., Cárdenas, S., & Valcárcel, M. (2012). Ionic liquid based
in situ solvent formation microextraction coupled to thermal desorption for
chlorophenols determination in waters by gas chromatography/mass
spectrometry. Journal of Chromatography A, 1229, 48–54.
Germán-Hernández, M., Pino, V., Anderson, J. L., & Afonso, A. M. (2012). A novel
in situ preconcentration method with ionic liquid-based surfactants resulting in
enhanced sensitivity for the extraction of polycyclic aromatic hydrocarbons
from toasted cereals. Journal of Chromatography A, 1227, 29–37.
Guo, F., Liu, Q., Shi, J. B., Wei, F. S., & Jiang, G. B. (2014). Direct analysis of eight
chlorophenols in urine by large volume injection online turbulent ﬂow solid-
phase extraction liquid chromatography with multiple wavelength ultraviolet
detection. Talanta, 119, 396–400.
Li, S., Gao, H., Zhang, J., Li, Y., Peng, B., & Zhou, Z. (2011). Determination of
insecticides in water using in situ halide exchange reaction-assisted ionic
liquid dispersive liquid–liquid microextraction followed by high-performance
liquid chromatography. Journal of Separation Science, 34(22), 3178–
3185.
Li, T., Joshi, M. D., Ronning, D. R., & Anderson, J. L. (2013). Ionic liquids as solvents for
in situ dispersive liquid–liquid microextraction of DNA. Journal of
Chromatography A, 1272, 8–14.
López-Darias, J., Pino, V., Ayala, J. H., & Afonso, A. M. (2011). In-situ ionic liquid-
dispersive liquid–liquid microextraction method to determine endocrine
disrupting phenols in seawaters and industrial efﬂuents. Microchimica Acta,
174(3–4), 213–222.
Maggi, L., Zalacain, A., Mazzoleni, V., Alonso, G. L., & Salinas, M. R. (2008).
Comparison of stir bar sorptive extraction and solid-phase microextraction to
determine halophenols and haloanisoles by gas chromatography–ion trap
tandem mass spectrometry. Talanta, 75(3), 753–759.
Mahpishanian, S., & Shemirani, F. (2010). Preconcentration procedure using in situ
solvent formation microextraction in the presence of ionic liquid for cadmium
determination in saline samples by ﬂame atomic absorption spectrometry.
Talanta, 82(2), 471–476.
Martín-Calero, A., Pino, V., & Afonso, A. M. (2011). Ionic liquids as a tool for
determination of metals and organic compounds in food analysis. TrAC Trends in
Analytical Chemistry, 30(10), 1598–1619.
Martínez-Uruñuela, A., González-Sáiz, J. M., & Pizarro, C. (2004). Optimisation of the
derivatisation reaction and subsequent headspace solid-phase microextraction
method for the direct determination of chlorophenols in red wine. Journal of
Chromatography A, 1048(2), 141–151.
Martínez-Uruñuela, A., Rodríguez, I., Cela, R., González-Sáiz, J. M., & Pizarro, C.
(2005). Development of a solid-phase extraction method for the simultaneous
determination of chloroanisoles and chlorophenols in red wine using gas
chromatography–tandem mass spectrometry. Analytica Chimica Acta, 549(1),
117–123.
Michałowicz, J., & Duda, W. (2007). Phenols—sources and toxicity. Polish Journal of
Environmental Studies, 16(3), 347–362.
Morales, S., Canosa, P., Rodríguez, I., Rubí, E., & Cela, R. (2005). Microwave assisted
extraction followed by gas chromatography with tandem mass spectrometry
for the determination of triclosan and two related chlorophenols in sludge and
sediments. Journal of Chromatography A, 1082(2), 128–135.
Olaniran, A. O., & Igbinosa, E. O. (2011). Chlorophenols and other related derivatives
of environmental concern: Properties, distribution and microbial degradation
processes. Chemosphere, 83(10), 1297–1306.Quintana, J. B., Rodil, R., Muniategui-Lorenzo, S., López-Mahía, P., & Prada-
Rodríguez, D. (2007). Multiresidue analysis of acidic and polar organic
contaminants in water samples by stir-bar sorptive extraction–liquid
desorption–gas chromatography–mass spectrometry. Journal of
Chromatography A, 1174(1), 27–39.
Rezaee, M., Assadi, Y., Milani Hosseini, M. R., Aghaee, E., Ahmadi, F., & Berijani, S.
(2006). Determination of organic compounds in water using dispersive liquid–
liquid microextraction. Journal of Chromatography A, 1116(1), 1–9.
Röhrig, L., & Meisch, H. U. (2000). Application of solid phase micro extraction for the
rapid analysis of chlorinated organics in breast milk. Fresenius’ Journal of
Analytical Chemistry, 366(1), 106–111.
Ryczkowski, J. (1993). Polish journal of environmental studies. Applied Catalysis A:
General, 106(1), N3–N4.
Santana, C. M., Padrón, M. E., Ferrera, Z. S., & Rodríguez, J. J. (2007). Development of
a solid-phase microextraction method with micellar desorption for the
determination of chlorophenols in water samples: Comparison with
conventional solid-phase microextraction method. Journal of Chromatography
A, 1140(1), 13–20.
Shemirani, F., & Majidi, B. (2010). Microextraction technique based on ionic liquid
for preconcentration and determination of palladium in food additive, sea
water, tea and biological samples. Food and Chemical Toxicology, 48(6),
1455–1460.
Trujillo-Rodríguez, M. J., Rocío-Bautista, P., Pino, V., & Afonso, A. M. (2013). Ionic
liquids in dispersive liquid–liquid microextraction. TrAC Trends in Analytical
Chemistry, 51, 87–106.
Vaezzadeh, M., Shemirani, F., & Majidi, B. (2012). Determination of silver in real
samples using homogeneous liquid–liquid microextraction based on ionic
liquid. Journal of Analytical Chemistry, 67(1), 28–34.
Veningerová, M., Prachar, V., Kovacicova, J., & Uhnák, J. (1997). Analytical methods
for the determination of organochlorine compounds. Application to
environmental samples in the Slovak Republic. Journal of Chromatography A,
774(1–2), 333–347.
Veningerová, M., Prachar, V., Uhnák, J., & Kovacˇicˇová, J. (1994). Polychlorinated
phenols in total diet. Zeitschrift für Lebensmittel-Untersuchung und Forschung,
199(4), 317–321.
Wennrich, L., Popp, P., & Möder, M. (2000). Determination of chlorophenols in soils
using accelerated solvent extraction combined with solid-phase
microextraction. Analytical Chemistry, 72(3), 546–551.
Yao, C., & Anderson, J. L. (2009). Dispersive liquid–liquid microextraction using an
in situ metathesis reaction to form an ionic liquid extraction phase for the
preconcentration of aromatic compounds from water. Analytical and
Bioanalytical Chemistry, 395(5), 1491–1502.
Yao, C., Li, T., Twu, P., Pitner, W. R., & Anderson, J. L. (2011). Selective extraction of
emerging contaminants from water samples by dispersive liquid–liquid
microextraction using functionalized ionic liquids. Journal of Chromatography
A, 1218(12), 1556–1566.
Yu, C., Zhang, S., Zhang, J., Li, S., Zhou, W., Gao, H., et al. (2013). An in situ ionic liquid
dispersive liquid–liquid microextraction method for the detection of
pyrethroids by LC-UV in environmental water samples. Journal of the Brazilian
Chemical Society, 24(6), 1034–1040.
Zhong, Q., Su, P., Zhang, Y., Wang, R., & Yang, Y. (2012). In-situ ionic liquid-based
microwave-assisted dispersive liquid–liquid microextraction of triazine
herbicides. Microchimica Acta, 178(3–4), 341–347.
